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@ Photoelectric smoke detector.

@ A photoelectric smoke detector of the light scattering
type uses for synchronizing the pulse-wise operated light
source (4) and the light receiving element (6) a flip-flop circuit
{R.S-FF) which is set when scattered light is received at the
same time when the light source is lit, but is reset when no
light scattering is occuring at this time. An alarm signal is
produced through a quick-reset integration circuit (I} only
when a number of scattered light pulses are received subse-
quently originating from a fire. No false alarm is given by
electric or light noise or cigarette smoke clouds. This smoke
detector is preferably used as fire alarm.
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Smoke Detector

This invention relates to a photoelectric smoke detector
comprising a light source operating at predetermined
intervals and a light receiving element actuating an
alarm circuit when light scattered by smoke is received
synchronously with the operation of the light source at

said predetermined intervals.

Photoelectric smoke detectors with these characteristics

may especially be used as fire alarms.

In a detector of this type which produces a fire alarm
signal by detecting light scattered by smoke particles
generated by a fire, in order to reduce current consump-
tion and non-genuine alarms, a light source is emitting
visible light, infrared or ultraviolett radiation
pefiodically and a light receiving element is synchronized

with the light source. 2 fire alarm signal is genera-

- ted when the output of the light receiving element ex-

ceeds a predetermined threshold value. A circuit of this
kind is already known by the Japanese Patent No. 519 362
(Publication No. sho 43-51).

Though the above-mentioned detector has the merit to re-
markably reduce non-genuine alarms, there is still a fair
possibility of producing a false alarm by single electric
noise or a flash light etc. synchronized with the light
source. Furthermore an alarm may be caused by clouds of

cigarette smoke etc. even if no fire is existing.

It is an object of the invention to avoid the above-
mentioned defects of prior art and to obtain a detector

which does not operate on electric noise or noise light
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svnchronized with the light source, and which is not in-

fluenced by cigarette smoke.

The invention is characterized by the fact that the alarm
cirrcuit is actuated through a flip-flop circuit which is <
set when the light source and the light receiving element

are delivering an output signal at the same time, and which

is reset when the light source is delivering an output

signal and at the same time the light receiving element

is delivering an output signal. -

An embodiment of the invention is described with reference

to the accompanying drawings.

Fig. 1 shows a circuit diagram of a smoke detector accor-

ding to this invention.

Fig. 2 shows time diagrams at various points of this

circuit.

In the embodiment of the invention shown in Fig. 1, a
light source LD, e.qg. consisting of a light emission
diode, is arranged in a dark chamber to which smcke may
enter freely and is lit periodically with a period T and

a pulse width T controlled by an oscillation circuit 0S,
e.g. consisting of a PUT or an equivalent circuit. A light
receiving element SB, e.g. consisting of a solar battery,
is so arranged in the dark chamber that in normal condi-
tion no light can reach the light receiving element
directly and it receives only the light scattered by

smoke particles in the dark chamber. An amplifiercircuit H
AM, e.g. consisting of an operational amplifier, amplifies
the output of the light receiving element SB, and its

output terminal is connected with a wave form shaping
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circuit A which, as occasion demands, shapes the output

of the amplifier circuit AM to a predetermined pulse. A
gate circuit G is used for obtaining synchronous outputs
of the light source LD or its operating circuit OS and the
light receiving element SB. The input terminals of the NAND
circuit Gl are connected with the output of the wave form
shaping circuit A (or directly with the output of the
amplifier circuit AM) and with the output of the oscilla-
tion circuit 08, respectively, and the input terminals of
another NAND circuit G2 are connected with the output of
the wave form shaping circuit A (or directly with the out-
put of the amplifier circuit AM) via a NOT circuit N1 and
with the output of the oscilattion circuit 0OS, respecti-

vely.

These NAND circuits Gl and G2 are connected with set ter-
minal S and reset terminal R of a reset-set-flip-flop
circuit. R.S-FF (hereinafter called "R.S-FF") which is
consisting of, for instance, a pair of back-coupled NAND
circuits G3 and G4. An integrating circuit I, connected
with the output of the R.S-FF, comprises a diode D connec-
ted in parallel with a resistor Rl and earthed via a capa-
citor Cl. The capacitor Cl is charged by the operation of
R.S-FF, and is quickly discharged on the reset of R.S-FF
via the diode D and the R.S-FF. The output of the inte-
grating circuit I is connected with a SCHMITT circuit SH
operated by a predetermined output of the integrating
circuit I. The SCHMITT circuit SH may be so constructed
that, for instance, a resistor R2 is connected in series
with two NOT circuits N2 and N3 and the output of the NOT
circuit N3 is connected with the input of the NOT circuit
N2 via a resistor R3. Furthermore, the SCHMITT circuit SH
is connected with a switching curcuit SW which is, as
occasion demands, consisting of a SRC or eguivalent compo-

nents.
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oz gpervation of the above-mentioned detector is described

with reference to figure 2 showing time diagrams of the
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sltage wave-form at various points a - e in Fig. 1l,at
the ocutputs ©f the amplifier circuit AM and the gate

circuit G,and at the inputs R and S of the R.S-FF.

In normal cond:ticn, during the period of time T1l, becauss
no smoke exists in the dark chamber of the detector, even
if the light source LD is 1lit periodically by the
oscillation circuit 0S with a period T and a pulse width
T , the light receiving element SB receives no light
scattered by smoke particles, and accordingly the ampli-
fier circuit AM or the wave form shaping circuit A pro-
duces no output. Consequently,even if the one input ter-
minal of the NAND circuit Gl of the gate circuit G re-
ceives high level input (hereinafter called simply “H-
level") from the oscillation circuit 0S, the other input
terminal receives low level input (hereinafter called
simply "L-level"), and accordingly the output of the NAND
circuit Gl and the set input § of the R.S-FF maintain the
H-level. On the contrary, because the NAND circuit G2 is
provided with a NOT circuit N1l at its one input terminal,
its output and the reset input R of the R.S-FF is changed
into the L-level synchronously with the oscillation cir-
cuit 0S8, and therefore the R.S=FF continuodsly resets the
following integrating circuit I. Accordingly the integra-
tihg curcult I produces no output and the switching

circuit SW does not operate.

Even if the output of the amplifier circuit AM or the

wave form shaping circuit A is changed into H-level during
a short period of time tl, for instance by cigarette smoke
clouds or noise light occuring synchronously with the out-

put of the oscillation circuit 0S, and thereby the output
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of the NAND circuit Gl is changed into L-level, and con-
sequently R.S-FF is set and its output is changed into
H-level, thus, the capacitor Cl of the integrating circuit
I is charged via the resistor Rl only a little. But when
the light source LD is 1lit in the next period, the N:ND
circuit Gl has returned to the H-level and the NAND
circuit G2 has come to L-level, so that the R.S-FF is
reset anew. Consequently, the electric charge of the
capacitor Cl is rapidly discharged via the diode D ard
the R.S-FF, and thus, the SCHMITT circuit SH and the
switching curcuit SW are kept in non-operating conditiion

so that no alarm is prcduced.

But, in the case of a real fire condition during the
following period of time T2, whereby scattered light

is received continuously during the operation periods of
the light source,the NAND circuit G2 maintains H-level,
while the NAND circuit Gl is changed into L-level synchro-

nously with the oscillation circuit OS.

Therefore the R.S-FF is continuously kept on set, and
accordingly the charging of the capacitor Cl is continued.
When the charge voltage at point d has reached the ope-
rating level g, the SCHMITT circuit SH and the Switching
circuit SW are operated and a fire alarm signal is pro-

duced.

In thisembodiment of the invention the integrating circuit
is controlled by a flip-flop circuit, and by properly
determining the operating cycle of the light source and
the threshold value of the SCHMITT circuit and the
switching curcuit, a smoke detector which does not operate
on cigarette smoke, electric noise or noise light synchro-

nized with the light source is obtainable. If the cir-
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Claims:

1.

Photoelectric smoke detector comprising a light source

(LD) operating atpredetermined intervals and a light

- receiving element (SB) actuating an alarm circuit (sH,

SW) when light scattered by smoke is received synchro-
nously with the operation of the light source (LD) at
said predetermined intervals, characterized by the

fact that the alarm circuit (SH) is operated through a
flip-flop circuit (R.S-FF) which is set when the light
source (LD) and the light receiving element (SB) are
delivering an output signal and which is reset when

the light source (LD) is delivering an output signal
and at the same time the light receiving element (SB)

is delivering no output signal.

Detector according to claim 1, characterized by the
fact that the flip-flop circuit (R.S-FF) comprises a
pair of back-coupled NAND circuits (G3, G4).

Detector according to claim 2, characterized by the
fact, that the free input (S) of one of the back-
coupled NAND circuits (G3) forming the set input of
the flip-flop circuit is connected to a first gate
circuit (Gl) delivering a set signal when its inputs
receive synchronously a signal form the light recei-
vihg element (SB) and from the light source (LD)

or its operating circuit (0S), and that the free input
(R) of the other back-coupled NAND circuit (G4)
forming the reset input of the flip-flop circuit is
connected to a further gate circuit (G2) delivering a
reset signal when its inputs receive synchronously

a signal from the light source or its operating
circuit (0S), but no signal from the light receiving

element.
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Detector according to claim 3, characterized by the
fact, that the gate circuits (Gl, G2) comprise
NAND gates.

Detector according to claim 4, characterized by the
fact, that a NOT circuit (N1l) is provided at one input
of at least one of the NAND gates (Gl, G2).

Detector according to one of the claims 1 to 5,
characterized by the fact, that the oﬁtput of the flip-
flop circuit (R.S-FF) is connected to an integration
circuit (I) which is charged by the output of the flip-
flop circuit (R.S-FF) and discharged when the flip-
flop circuit is reset, and which is actuating the alarm

circuit.

Detector according to claim 7, characterized by the fact
that the integration circuit (1) comprises a capacitor
(Cl) and a charging resistor (R1l) to which a diode (D)for

discharging the capacitor (Cl) is connected in parallel.

Detector according to one of claims 6 or 7, charac-
terized by the fact, that the alarm circuit comprises
a SCHMITT circuit (SH), operated by the integration

circuit (I).

.",3
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